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environment, organig farming has been recening ierensing attentpon arownd the world. Panchagavyn
(PG) and farmmyard sonnre. play erocial mles in organic femings mtriEnt mmngemen. Despite its - : : A i
known potential in crop applications. Pachngavya migroban] profile has yet 10 be mapped. The aim of Polish JOLH‘I"Ial of Enviranmental Studies “3 1 M o
this etindy is to wrvell dhe succession of bacterin] communities in Panclagavya during the fenmemtation ‘Wears currently covered by Scopus:  from 1996 10 2004 !
process ustng targeted amplicon aoalysis. The resulia gevenled that 45 phyla, 92 classes, 168 orders, Publisher: HARD
A33 fansibies, §99 genera, and 2026 species were: obtned from all smples, along with 5144 OTLUs, FoSM: 1730148 i
Proteabae terin (3661-T0.98%) and Haeleraideies (14,5923 B1%) were found o grenter abundance L i e ooy e parer Ty [ p—— et Tar™ 0.356
all sangles, with Profeodacterin being the mosr common n all saonples, followed by Heactoralderes 'S-DH-I{E oype Jositnal
and Flrmbenates (12,6729 55%)1 Poesdooranay was a donumant member of the fermentation process, L ) P i
along with Rewrdnitsfiy, Preniclostridnn, Clostridionr, Enferococens, Lacrobaciling, Biffdobdeterinom, '- ] B Sove 1w b 0.450 )

and Binwfirococeny. The Andings mdicate that Panchogavyn demonstrares effectivensss as w fermlizer
dug 1o s imelusion of advasmgesis mcredsganisiis sisd growth stimilams for plats. Funhennoge,
some bacterial menbers that have not yet been characterized for mry rode m the soul and plant sysrens.
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Albsiract: The rising comnoerns regarding antiblotle reststance and the harmiul effects of synthetic
poeseryatives have led iooan increasing interest i eaploring natural alternatives. Plant oils have
bevn raditionally ussd for their antimicrobial properties, but systematic investigations. into their
wfficacy againsy feodborme pathogons are necessary for potential applications in food preservation.
This shudy aimed 1o evalwate the antibacterial potential of virious plant oils (neem, coconiat, castor,
amad olive oll) against camanon l'ml'tmmwrul]mgnu i anﬂlyw thesir chaemiieal Lmnpm.ujun usig
s chromatography-muass s pectiometry (GE-MS), The odls were histed agains foodbome paihogens.
using the disk diffuston method. Minimum inhibitory conoentrations (MICs) were determined to
amsesa Ui podenay of th ol GE-MS wis oovploved to ldentify the compouncds present in each oil.
Neem oll exhibited significant antibacterial activity aggamst all tested pathogens, with pronounced
elfects At ﬂmjl'a_ulwm'.n- e andd Brcillie comre. Coconat oil shawed motable .1ﬂli\'i|:!.' aEainst
Linteria miiocubopone, Castor oil displayed moderate activity, while olive oil exhibited minimal
antibacterial effects, The GEMS analysk mevealisd o diverse array of compounds in nesn oll, sehich
i likely 4 comtribute bo its pobent antibackerial propertie. Neemvand coconut oils, owing 1o their rich
Bigactive components, emenged as promising conded ates for e developewnt of ratural antimdceobvial
agents. Thise briet findings support thee potential application of plant otls in s ek tom
_.‘Lﬂﬂ vmphasize the need for further research mio Ill'u.'Erll.ll\l.li]!E e ulldur'hing s hanisme and
optimizing thejr we.

Keywords: essential plant oils; antibactierial activity; gas chromatography-mass spectromstry
(LL-MSE foodborne pathogens; minimum inhibitory concentrations (MiCs)

1L Intreduction

Thie impact of miceoonzanisis on food spoilage has captuned the attention of food pro-
ducers and those concerned with sustainable food consumption [1.2], Throeghout history,
fescndborpe diseases have plagued humanity, affecting millions annually through a diverse
range of pathogens and physical and chemical agents 3] The visual symptoms exhibited
by spoiled food provide clear evidence of the spoilage process. Biochemical reactions, such
as oxidation, which commonly eocur during feod pracessing and storage, contribute to
meducing product shelf life and the deterioration of flavor, texture, and color [4]. The prolif-
eration of pathogenke bacteria and fungi in food thoeatens its preseryation and contnbuibes
tos the eanergence of foodbormse diseras worldwide [1]. Increasing consumer apprelwension
pegarding the side effects of chemical and synthetic preservatives has fueled the demand
for natural altermatives [5]. Thus, there is an urgent mised by i.llnnlif_!,- natural substances:
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Isclation and characterization of rhizosphere soil associated
phosphofungi from hybrid brinjal Selanum melongena L. var. MDUA1
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Thit curent study focuses on solaticn and ider 1 0f polent fungl from the rhizosphent
sauly associobed with hgh yelding Rybrid brinjal ( Soanum meegena vir MOU1) plants. to sohubilce
tricalcium phosphate (TCPY under o wilrd conditions using Pikovskaya (PVE] medium. A total of 88
fungal isoiates were obtaned from 15 mizcsphere soll sampies from theee S, malonpena fesds, and
they demorsiried o ciear haio Zone of desohved phosphate soiubiizstion n PV medium, indicating
that these fungl had the requisiie P-solubiizng abilty Among, madmum: solubization index (i) of
TCP on PVK piateés was recordad with the fungal isolxie Aspergiivs spp. (TSPS 2) wih 2.3%,
whereas ihe lowest of 0.9% was detecied from Ine isolate Trichoderma spp. (TSPS 8). In acdition
quanitative TCP solublicaion in PV Beoth inotulated with Aspevpillis Spp. (TSPS 2) revialed higher
amoimnt of P mobilization ranged between {216 4345058 ugimL*) in different days of incubation

Similgaty, found the greatest decling in pH from an infial pHoof 7.0 10 4.5 & varied time menal The
current imvestigation found a vanety of plant-soll-assocaited Pesolubdizing fungl thal could be used as

Bicdertizesns.

Keywords: Asperpiiis spp. crop plants, phosphale solubiiization, mizosphes S0l

INTRODUCTION

Phasphorus (P) is naturally eccurring and one of
the mast indispensable macronutrients next 1o
nitragen among 17 elements that are essential for
the: growth and development of plants. IUis one of
the: major limiting factors for crop production on
many tropical and subtropical soils (Yasser af af
2014)

Itaccounts for 0 2% of plam dry weight and restricts
plant growth and agricultural productivity (Pradhan
and Sukla, 2006). A greater part of soil
phosphonis, approximately 95-00% is present in
an insoluble form complexed with cations like iron
{Fe), aluminum {Al), and calcium (Ca) that cannot
be utilized by plants (Gizaw ef al. 2017). Flant
mineral nutrition is mostly determined by soil P
content, which can be digested as soluble

* Correspondence - surandarpot{gmail com

phosphate (Wang ef al. 2018). Furthermore, P
contributes significantly to photosynthesis, energy
and sugar production, nucleic actd synthesis, N2
fixation in lequmes, and plant disease resistance
{Kanse &l al. 2015)

Phosphorus is the kingpin of Indian agnculture, with
a unique role in both traditional and alternative
agnculture (Pradhan and Sukla, 2008) A large
vaniety of microbial species have been identified
in soil, particulary in the rhizosphere, where soil
plays an important role in P solubilization (Yasser
etal 2014). Phosphate solubilizing microorganisms
(PSM) use a unique process 1o transform thase
insoluble phosphates into soluble forms. That is,
thiey carmy outthe acidification, chelation, exchange
reaction, and gluconic acid synthesis processes
(Elias af al. 2016; Sabbir et al. 2022). The organic
acids and inorganic acids produced by bactera
convert tri-calcium phosphates into di- and
monobasic phosphates, resulting in increased
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Assessment of root colonization, identification, and phosphate
solubilization activity of root endophytic fungi obtained from hybrid
tomato Lycopersicon esculentum Mill. var. TNAU CO3
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Land plants, in genaral, raly heavily en positive (nteractions with fungat endophytes fae growth, diséase
resistance, and stress iolesance. Roo! colonizalion. tsolabon and fri-calcium phosphate (TCP) solubillzing
mcfivity of oot endophytic fungi (REF) cbtained from hybrid tomata (Lycopersicon esculentum MMl var. THAL
CO3) plarts gresn In patural fields were examined,; AR figld-colfecied tomale roots were posihvely colonized
by DSE (dark’ septate ancophiyte) fungl A total of 94 cufturadia fungal isclates belonging o 8 grstingt orders,
S genera, and 11 species wers recovered and identified by morphological emmination. In L. escwentum roots.
the. endophytic fungal colonization rate (CR%) was noliceatly high (G2.67%). AzpergiWes niger was the
geminant fungus with a relative abundance [RA%) of 23.4%, white 4. niger. Cldospanum cadosponoides,
and Frsariym oxpsporurn had the modmum isglation frequency (IF% ), Furthermore. we evalusied the nature
of the identdied fungal Isclotes as endophyles by a pod study, Thus, 5 of 11 fungi colonized the test plant roots
with clear intracellular structures, iIncluding Afernara spp.. C. cladosporisides, Cotefeirichum spp., and F
puysporum, which are DSE fungl Furihermors. four REF weve oble to solublize tha TCP. with S1% ranging
from 1.3 {0 2.4%. This study's findings will help to improve our understanding of REF intecdctions and ther
potential ablity to solubliize inorganic phosphate, as weil as the opplication of these fungl to increase the
development and productivity of diverse agricultural plants in sustainable agriculturg.

Keywords: Dack seplate endophyte fungl crop plants, colonization. PVE agar, phosphate soubdization

INTRODUCTION

Plant roots are quickly colonized in natural habitats
by a vast range of microorganisms, including
archaea, bacteria, and endophytic fungus, known
as tha plant microbiome (Liu & al. 2017).
Arbuscular mycorrhizal (AM) fungi, the most
widespread endophytic fungiin plant roots, form
symbioses with about 90% of plant species in all
habitats (Smith and Read, 2008).

However, dark septate endophytes (DSE) or root-
andophytic fungi (REF ) also colonize plant roots
alongside AM fungi in tropical, arctic, and alpine
habitats {Addy et al. 2005, Newsham, 2011).

"Corgspondence | surenderpbtifgmail.com

Darkly colored (melanin), septate hyphae, and
compact microsclerotial structures define DSE
fungi. Plants grown in extreme environments, like
heavy metal-polluted seils, low nutrient and high
salinity soils, upland agroecosystems, and cold
conditions; etc.. have high DSE prevalence in
their roots. It has also been hypothesized that
DSE are maostly non-mycorrhizal plant root-
inhabiting fungus,

The majority of previous studies on endophytic
fungi have focused on their isolation from aenal
piant parts (leaf, stem, flower) and from various
crop species such as chilli (Capsicum ennum)
(Paul et af. 2012), potato (Sofanun tubsrosum)
(Yasser ef al. 2018, rice (Oryza sativa, Oryza
granulate) (Naik et al. 2009; Yuan ef al. 2010),
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RESEARCH ARTICLE

Comparative study of organic manure (cow dung, goat dung and
chicken manuare) on the vegetative growth of Amaranthus dubius L

Aamadesd 817, Svaranjan 5, Viiya Samoondactaar] 5!, Ramabhal v, Arulnangal R, Murugssan R

Ranuderi 5, Srarsnjani 5, Vijrva Samoondeeswar 5, et al. Comparative
study of organic nsnnre fcow dung, goat dung sand chicken manuare] oo the
vegelative growth of Amaranthus dublio L AGBR.I0E 32300401,

The studys everacching goal s to exanice the etfect of theee different fipes
of tgaras fermliser én the groweh of Amanintha dubtss vegeritive pacts. Ona
wplit plor, we applied five defferens amendments. Nene (1), cow dung
Ol ehisken dung (M), poas dung M), and amequal quantiy of pos
dusip, ehisken dung, and geat dung Ms), ol 28 2 kg Mha Expenmenn
showed thar Kimegen (N}, Forsh (KxQ)) Omgande Carben Q0 and
Phaoaphorian (F), a0 sl 30 seee and leat length and breadeh and aumber ol
eaver, were: all wabsraniially (P8 01Y enbanced afer apphicarions of dhose
SIFanc maTLTEr The meanrements tiken incloded the ﬁtig]'.‘. of the ].'hr.?
{101 o 43 aml the breadth of thestemn (Bt em 1055 aml and the

lerggrhy oo the beaves (5.2 cmve 121 ol the width of the bervwa (27 12 89
o), and the mumber of leaven per plint {5 o 121 Flants grown mth:goat
saruste (W) were showm to have preases siesn valuss bor W, ¥l G, and
Potem dength, aresn width, Bt lenghy beaf andih, and the r.ul:.'l:er cf
leaves per phrl: Don:.yn\elﬂ 1o valiste chained fromn rreatmens wath acher

coganiz marurss. Scrom che board, goat durg .LL."','."E:[‘DI.'DE‘& daity o

mirire and chisken manure i the reilonate This Boéred inte the
visizion In the smendmenn tond misrcgen, potuium, phosphanu, and
cazhar ceatent The greaest tesponises in the field experiments somirred
after the third Sop harvese, which o cacaiatert with am moreass i ongani:
Woand P meneralitation avet tite

Keywords: Agrizulnoe, Amanmthon dubiay; Fertilizer, Miropen, Potamsdum;

Pheaphions

INTRODUCTION

A.rm_unr.'u;a Fas To specien in 3 sbgtpen Se-'_f}uzlr.i‘.rd, it B male
ard feele Mooms: Raw or alighsly cocked Jesves md stermw sre nustritions
Animals snd humacs ézr Amarndios Celaum, fren, I'I'_._ulp..hn_l and
aarotenaids are shundant. imine and sulfis contunimg amino aade are
sbundant in Amaranshun ghaine Fat nsh Amaranbiie conioian 5% 10% ol
atd T1% pelpensstitated fary a2, Linskis s @ pesesary. Diehsity in
thin liphl o several heahth) problems Futune orops  Inchude
Amaraathos. Amarsnfhus Eran and kraves are ,—'.-.‘h'l OTpNAn TP
Fumen B Asurmghn for i qualices, growth e, and &4
phottepritheen, mage of gaim  ond  leaves, ard  emvirenmenm] stpess
robeminer - Seads conmin Berefiola] chemicns thar redose choris dllness
rak Short brimehes and scattered brimches  dwimguish  Asurathc
dubiue. It grow quickly and produsss many seeds Seedlings wprout 23
duyw after seeding. [t wan edible ames 100 5 dam. In Tamil Wadw, sceea and
keaves mre boled ot 45 minutes and caten wish tise. 1o wan beneficla] fac
funmeens, porticularty emall scade ard miml farnen. Becuier iy pose
quL:l'h- £hquires lirde  irvestmient, ind b carkenible, I o6 I
vitamin, nctably A It prevenn and preseroms ey health, The leives
bave 3 timas more vitimin O othan spinach, 38 times moee wtamin, A,
I8¢ Bmes more cileium, and 7 femes mere wen than lemece, Other
Amaranthus seeds are rges. It o dese diought vesacans than & amutsion.
Ghganic manaitee are chedp and wminiable. They seplice cxpepive
inergandc fertilizeta. Plantr absorb inorganic festiliens animal wasee i 2
bip  pall Reoweling  animal  wostr mproves sl texnuse,
produsivity, and S evironmient - In duis, onganiz mannse o one of the
emential secton for agrimultunl conservation and ham plaved o visl part in

phnt rutrinien:-Axia is one-of the primary patiess that gecerate ™ 31% of

plint sscrmible putrients of the woclds wtal tite wom industry, notably
chizken indunizies, But she dpplisation of inesganis Senilizer continalally will
bead vo Towa-of el Femniliny Sodl produceiiry dependdy o sl cendidon,
femsibizes iype, ompande maner, sod phint kind. Organle manure i3 o oom
loc) bowr ceae sdditive: The: excremeny of plint and animals was left g0
drcomposs for weels o monthe. High nuwrition manure s generated

Maniise: conmins micobicts from plans and snimal waest Ir help frmen
masimie peoduseiey and preserr nusritional brwde Besaie hey danines
affad chemicad festilizen, Empovershed raciors: prraeibed oopnis me,
Cpunde’ manure o made from apriculneral. poulsy, Sood, tioe, mugar, ucd
cotton inchustyy wasies  Farmens prefer divect nument mesganc fntilom
Flint qmckly warhed erients However, ceeemér ehenusal Sersliser
imoge siused spidropmental imees Some ferrilizen medude heny menids ard
large gasntities of mdiceudnde (Cowr dimg b smets of poultry animib,
md it 83 low = bioomours, It lus 3 Broad wemenr afmisshict
i many of chim abe advanmgecon i oty hmans and aope. Masr bamina
an coich e wd. The cow dung micrebieme incuda Snpenobucer
oo, ook Comobaror ke, Rlebeioly ooy, Mrbevells
pririmonar,  Kowers- epp Padterells wpp,  Prodenca-alcadbipenes,
Farindnovun app., Provsdencs sounmi, Moparells mogpiru, and achen (1]

Goat maniere by sbundant, 16 often sppleed 3 week bedere plantng. It may

mzimize plant sumient wprake afer crished goar dropping pellet. Crop
growah mose: Stremrmsnant and producs quelite messumable Goap dung
insrensed sodivm, ealviume magnesum, potssiue, and phesshoous in
sedl Senall scale femers sped rural tesldents bensfied. Chicken exsement,
rizh i M, Foand Kowae o ey plant nurmien sounee Manuse ha 305 - 50%
pitoegen and was wadely sscemibie [1] Misronutriens. cspdivion the sl
Chicken  Sroppimgs ate tiny and biodegradable Unbils oow scd jgon
eirement, it divesely feeds plants. Ire 3 potent auttitional soue, o bl
it property. This component masimizes numienk vaage and agzo toopomic
statin. Dhoe o i high micromitrient content, chicken manume i popubir. It
boons sxil warer acluble mal, High chicken manuse will impazr seed
presnination and root dévelapment. [t an eeacilent sail amendment when
wiilised propecly. Iranceesses sed acd feliage nurnient, seubly s, 76K G,
and Mg Amments from dhicken dhig ineceases land nittogen lowds. Secd
germization will sulfer metabolic nedes To reduse the nustrstional wilue,
enanire it e watered Trwsll hdp dhilure: chiskers manires wtallrr Thiat,
the reaction of red amidranth 5 mincres l'.._wdur.\;_ chickets foarumé, and
cil cake} in the provence of 1, 7, and K and i influsrice an woil gualizy in
the old Erabmapatra flocd plans, Banghidah, wos snadied 13
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Unveiling the Potency and Harnessing the Antibacterial
Activities of Plant Oils against Foodborne Pathogens

-
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Alsiract: The rising comcerns reganding antiblotic meststance and the harmiil effects of synthwtic
proesery atives havee lad i oan incneasing Intesest in exploring natural alternatives. Plant oils have
bewn raditionally wssd for their antimicrobial propertiis, but syviematic investigations into their
wfficacy against foudborme pathogons are necessary for polential applications in food presenvation.
This stwdy aimed 1o eyalwate the antibacterial potentinl of virious plant oils (neem, cocomt; castor,
amad i oll) against camamon l'ml'lmmu--rullmgnu amid ﬂll-‘!l" 20 their chamseal Lmnfmuiun using
s chromatography-mass spevtometry (GE-MS), The odls werne histed agaiis) foesdborme pathogens
using the disk diffuston method. Minlmum inhibibory conorntrations (MICs) were determined to
assesa Ui poteney of i ol GE-MS wis envploved (o detity the compouncds present in each oil.
Meem ol exhibited significant antibacterial activity against all tested pathogens, with pronounoed
elffects Againet .“'Iu;l'i_ﬂwm‘.u— vt andd Breillis corerre. Coconut oil shwowed JId."I'..'|M|.'J|ﬂ'i\"II‘!|' aEainst
Linteria miterocufogon, Casbor oil displayed moderate activity, while olive oil exhibibed minimal
antibacterial effects, The GCMS analysks mevealisd o diverse array of compousnds in neem oil, which
i Ikely gy comtribrute bo its pobent antibacterial properties. Neem dnd cocont ofls, owing 1o theis rich

ioactive components, emerged s promising candad ates foe e developevwnt of natural antimicrolvial
agents. Thise briet findings support the potential application of plast otls in fosmd et
_.'u)d vmphasize the need for further research ko I.Im.lErll.:ll‘\I.li]!H U undlrﬂrin[; wwchanisme and
apirmizing thejr use.

antibtractierial activity: gas chnomatography-mass. spectrometry
ninimum inhibitory concentrations (MECs)

Keywords: essential plant oils.
(LL-MS): foodborne pathoigens;

L Intreduction

Thie impact of microorganisims an food spoilage has captuned the attention of food pro.
ducers and those concerned with sustainable food consumption [1.2], Throwghout history,
fscudborne diseases have plagused humanity, affecting millions annually through o diverse
rarige of pathogens and physical and chemical agents 3] The visual symptoms exhibited
by spoilind food provide dear evidence of the spailage process. Biochemical meactions, such
as oxidation, which commonly eccur during food processing and <torage, contribute o
reducing product shell life and the deferioration of flavor, texture, and color [4]. The prolif-
eration of pathogenke bacteria and fungi in food thoeatens its preservation and contnbubes
tos the eanergenee of (oodbome diseass worldwide [1]. Increasing consumer apprelwnsion
regarding the side effects of chemical and synthetic preservatives has fueled the demand
for natural altemmatives [5]. Thuos, there s an urgent e by i:llunlif_\.- natural substances
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Isclation and characterization of rhizosphere soil associated
phosphofungi from hybrid brinjal Solanum melongena L. var, MDUA1
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Thit cument study focuses on salation and ider 1 of polent fungl trom the rhizosphent
sails assoriobed with fgh welding hybnd brinjal (Solanum melongena var MOU1) plants to sohulilce
tricalcium phosphabs (TCPY under i Wird condifions usang Pikowskaya (PVE] mediom. A total of 88
fungal isokates were oblaned from 15 Mizddpnens S0 sampies from hee 2, melanpena feids, and
thery demorsiried o clear iaio zone of diesolved phosphate soiubilizstion n PV medium, indicating
et these fungl had the requesiie P-solubikzng abilty Among, madmum. solubdEzation index (Si%) of
TCF on PVE piates was recorded with the fungal isslxle Aspergilis spp. (TSPS 2) wih 2 3%,
whereas 1he lowest of 0.9% was defected from the isolate Trochoderma spp. (TSPS 9). In addition
quanitative TCP solublizabon in PV beoth inotulated with Aspevpillis Spp. (TSPS 2) reviabed higher
amoumnt of P mabilization ranged between (21643450 58 ugimL"} in different days of incubation

Similaty, found the greatesi decling in pH from an infial pHoof 7.0 10 4.5 & varied time mMenal. The
current imestigation found a vanety of plant-soll-associated Pesolutdizing fung that could be used as
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INTRODUCTION

Phosphorus (P) is naturally occurring and one of
the most indispensable macronutrients next to
nitragen among 17 elements thal are escential for
the: growth and development of plants. IUis one of
the major imiting factors for crop production on
many tropical and subtropical soils (Yasser ef al
2014)

Itaccounts for 0.2% of plant dry weight and restricts
plant growth and agricultural productivity (Pradhan
and Sukla, 2006). A grealer part of soil
phosphorus, approximately 95-00% is present in
an insoluble form complexed with cations like iron
{Fe), aluminum (Al), and calcium (Ca) that cannot
be utitized by plants (Gizaw ef al. 2017). Plant
minaral marnition is mostly determined by soil P
content, which can be digested as soluble

* Comespondence | suranderpbtfpmail com

phasphate (Wang ef al. 2018) Furthermore, P
contibutes signaficantly to photosynthesis, energy
and sugar production, nuclec actd synthesis, N2
freation in legumes, and plant diseass resistance
{Kanse al al. 2015)

Phosphorus is the kingpin of Indian agncultisre with
a unique role in both traditional and alternative
agnculture (Pradhan and Sukla, 2008). A large
vanety of microbial species have been identfied
in soil, particulary in the mizosphere, where soil
plays an important role in P solubilization (Yasser
etal 2014). Phosphate solubilizng microorganisms
(PSK) use a unique process 1o transform these
insoluble phosphates into soluble forms. That is,
they carry outthe acidification, chelation, exchange
reaction, and glucenic acid synthesis processes
(Elias ef al. 2016; Sabbir et al. 2022) The organic
acids and inorganic acids produced by bactera
convert tri-calcium phosphates into di- and
monobasic phosphates, resulting in increased
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Distribution, molecular characterization and phosphate solubilization
activity of culturable endophytic fungi from crop plant roots in North
East (NE) India

Iﬁmnthhhmmﬁrahlm“@ - Radha Raman Pandey” - Thangavelu Muthukumar®

Feceteed: 19 January 20037 Rvised: 13 Sepiember 2023 [ Aocepted: 15 Septembar 2023
©The Authors) under exchusive icence tn Sockety for Plant Reessch 2023

Abstract

The bunald plaants-are highly dependent on beneficial ineractions with fungal endophytes for growth, disease resistance; and
stress tolemnee. We investigated the distribution and tri-caleium phosphate (TCP) solubilizing activity of root-endophytic
fungi (REF) isolated from Cupsicum chinense, Cevan sativa ov. Chakhao amubi, Vigns unguicalod, and Zea mavs cultivated
in Manipar, North East Insia. A total of 276 culturable fungal endophytes belonging io eight different onders. 11 families, 17
penern, and 9 species were recovered and identitied by morphological smd phiylogenetic sunlyses: The fenbation rate (IR}
and eolenization rate (CR%) of eodophytic fungal communitics were highest in the roots of & rariva (42% and 68.77%) and
lowvest in O, chirense (| 2% and 415 ). plants, respectively. Likewise, the richness of endophytic fungi was also high in €,
sariver (21 species) roots. Fusarium oxysporien was the dominant fungus with o relative abundance of 22 27%, while A. niger
recorded the maximum isolation fregquency, The diversity indices of identified REF from different crop plant oos were
allso Fmili\tlr studied, In addition, we mjcrmcnp'c:ﬂlr cvabuied the pereentage of dark seplile ulduph;dr {DSE) fungal
colonization in-crop reots. Further, eight REF were able to solubilize the TCP with solubilization index {$1%9) mnging from
L5 10 2.7% . The findings of this study will contribute 1o o besier understanding of REF interactions and their potential abil-
ity to solubilize inorganic phosphate, as well as o the use of these fungi fo promote the growih and yield of various crop
plantsin sustainable agriculture,

Keywords Endophytes - DSE « Diversity - Phylogeny - Solubilizuion index < Crop species

Introduction

In natural ecosystems, the plani roots are readily colo.
izl by o diverse spectrum of microorganisms, including
archaen, hacteria, and endophytic fungi, known as the plant
micrehiome. The mast common type of endophytic Tungi
in plant roois is the arbuscular mycorrhizal (AM) Tungi,
which farms symbiosis with moee (han 90% of the plant

&l Mamnaish Surendirakumar
senderphed pnail. com
1 Microhiology, 1 mmdmmd&m
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5p¢q:il:; u:i:u:rriug in all the CCosystems {]lumppunurl ot al.
2007y, Fossil and molecolar evidence suggest thi AM fun-
gal msociations were widespread and evolved approximately
A6 millicn years ago, allowing plants 1o colonise land. The
influence of AM fungal symhiosis on a range of plant spe-
e (trees, shiibs, ond crope), and ecosystems has been well
documented (Muihukumar and Tamilselvi 20000, However,
ferowinng awarencss his revealod that i divense group of asco-
mycetons fungh, known as dark septate endophytes (DSE)
or rool-cndophytic fungi (REF), also colonize plant roots
alongside with AM Tungi growing in b wide ringe of rogi-
cal to arctic, and alpine habitns ( Addy et al. 2005; News-
ham 2001, The association of DSE fungi can be easily
distinguished by their darkly-pigmented {melanin), sepae
Ty, and compact microselerotial structures [Jumpponen
eral. 201 7). Plants growing in extreme environments, such
as heavy metal-polluted sails, low nutrient and high salin-
ity soils, mgh-altinede forests, uplasd agroccosysiems, cold
conditions. eic., have high presalence of DSE presence in
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SYNTHESIS AND CHARACTERIZATION OF DIFFERENT (CU, ZN AND AG)
NANOPARTICLES USING GREWIA CARPINIFOLIA LEAVES EXTRACT AND
THEIR ANTI-MICROBIAL ACTIVITY

R. Lakshmanan'®, P, Mouliraj’, Surendivakumar Kannsial', P2 Jyothi* and V. Manohar®
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{Received 9 July 2023, Revised 23 Augus! 2023, Accepted 7 Seplember 2023)

ABSTRACT : The escubuting lssue of antiblotic reshiance his prompled a quest for lnnovathe antimicroblal solutlons. Among
these, manaparticles produced through eny iromoentally friendly metheds have garnered signdficant inferest for their petential
antimicrobialattribotes, This investigation centers on (e production of distinet noneparticles H,‘l.ﬁu.,?.'rl.‘io,..ﬁg:'ﬂnﬁluﬁh:glhr
leaves of Grewia carpinifolia Juss. The biosynthesized dilferent manoparticles derived from Grewia carpinifedia leaves were
stibjected to comprehensive characterization through varioos echnigques,

In the UN-visible spectrum annlysis, e silver mans particles exhibited mmaxisnmm absorption ol 290 ., copper nanopartichs
exhibited their absarbance peak ot 310 nm ond gine nanoparticles displayed their peak at 30 pom. XED analvsis indicated that
the silver particles geserated in our experiments existed Dn the Form ol nanocrystals, as evidenced by peaksal 28values of TLS,
210, 2206, 27,2, 22, 20 378 and 436, corresponding to heights of 6159, 2180, 1720, 2520, T3 6049, 6625 and 174.4
eounts., respectively. Copper partiches exhibited peaks at 28 values of 90, TLE, 142, 15,5, 2006, 22,6, 279 and 2901, with heights
af L0, PG, 959, T8, 06,2, 1547, A28 and 19905 connts, respectivelv, fine particles displayed peabs at 20 valoes of 6.9,
9.2 164, 154, 189, 22T, 24.% sl 26,5, with heights of 5002, 440.9, [88.8, 3054, 4409, 34,5, 1976 and 2755 counts,
respectively,

SEMspectral analysis unveiled the formation of cube-shaped silver nanoparticles within a size rmnge spanning from 200 mm to
20 g, The amtimderoblal efficacy of metalllie nanoparticles derived from Grewda carpinilalia was evalusted using the dise
diffueston mwethod agalnst both grome-positive amd grame-negath e pathogens, inchiding E. coli, Staplivlococens awreis, Bocillns
surbriles . s well as the Tungh Aspergillus Tovis and Caonefida afbicens, Notably, metallic Sn Cuand Ag nanoparticles exhibited
substantial zones of inhibition against the selected pathogens, with the highest inhibition zone obseryed in the case of silver
nanopartickes

Key words : Synthesis, Grewia carpimifolid, nanoparticles chamcterization, antimicrobial activity.

How tocite : R: Lkshmaian, P Moalin, Surcodickumar Kanngioh, B Jyothi and V. Manobar (2023) Synthesis and chameterization
ol different (Cu, Zn and Ag) nonoparticles using Grewia carpinifolia leaves extract and Uir anti-microbial activity. Stochent.
Cefi, Arch. 23, 11011111, DO hitps/fdot.ongf10.5 1470en 20233321101

Chsich fot
(|
INTRODUCTION Among these, silver {Ag) manoparticles have gained
Phyto-mediated synthesis has emerged as 4 rapid, <ignificant attention doe to their emarkable antibacteral
conveniant and widelv aceepled ipproach for producing (Mohanta eral, 200620, antifungal and antiproliferative
mietal nanoparticles, In recent times, various plant  Properties (Kim et al, 2007: Nayuk o ol. 2015).
components such as bark, leaves, fruits. stems; and seed Leversging their excellent antimicrobial attributes. silver
extracts have demonstrated successful applications jn Manoparticles have found extensive wse in lood packaging.
the synthesis of metal nanoparticles (Mittal ef of, 2013),  Tood and seed preservation, biofertilizers, cosmetics and
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Exploring the in silico studies of the endophyte fungus Phoma
herbarum against mur enzymes of Staphylococcus aureus - a
computational approach

Kannaiah Surendirakumar' 2 . Wairokpam Sanahal Devi' - Subramaniyan Vaithilingam’

Heceved: 24 Apnl 2023 Revised: 27 July 2023 / Acoepted: 12 September 2023
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Abstract

Endophiyvte Tungus Phoma herbarom (NFOCT 40357 was previously isolated and identified from healthy leaf rissue of
Mervicedvo Mggnh-}u.l'.'r Benily pta:ul from M:!l'liplll’. We receml}' established the anttbacterial :u:liviiy of eth}'l, noeiate
extracts of endoplivte fangus P lvbarnm o vitreoand identified some potentially active components wsing GC-MS. The
current sy nims 1o perform molecular docking of the discoverad P herbaram compounds against Mur enzymes (Mur A,
Mur €. Mur D and Mur F) of Stapinfacosens aurens using Anto Dock Tools 1,56, SwissADME online tool was used 1o
calculate the dmg-likeness chamctenstics, According ro the findings, only 14 of 23 bioactive compounds evaluated from P
Trerbarmr extract adhered 1o Lipinski's Rule of Five (LRoS) and had binding affiniry roged between = 3.5 10 =65 (keal/
uel) with ar least one of the four rargeted Mur enevmes, When compared 1o-all other bicactive compounds that interact
with tacget M enzymes. 2-Palmitovlglycerol malecule demonsteated highest binding affinity (+6,5 keal/mol) with Mur
F lignse. However, (IR.2R3R.S $)-2,6.6-Trimethylbicyclof3.1.1 ieptan-3-amine lins shown excetlent binding affinity for
all selected target (Mur A Mur ©, Mur Dand Mur F) enzymes. Also, this study confinned that the bioactive compounds
can be developed i more potent inhibitors targeting 5. arvus-related infections.

Keywords Enclopliviic fungi - Bionctive chiemicals - Mur enryvines - Molecular dockmng - Diug-hikeness

Introduction (Staniek et al. 2008; Tiwari eral. 2021). Endophytic fungns

has been limked 0 the discovery of numerous significant

Endophytes act as biological archives for umicque natural
chemicals, opening up new avenues for medication devel-
opanent, I e vt for novel cheanical ennities, plant-nsso-
ciated microorganisms. inchiding -bacterin and fungi’ that
inhabit the intemal tssnzs of all plant species, are becom-
ing more and more imponiant candidates for bioprospecting
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Bionctive compounds (Mousa and Raizada 2013), Pewieile
Tigewr amcl. otlser ﬂ[dﬁph‘!"lit ﬁn:gﬂl i]]!i!iﬂﬁ- hawve received
tore anemion than olier microbial species ever since the
discovery of penicillin. They have strong frack record of
producing & wide sange of chemical compounds that fall
into several classes, such as alkaloids, amtibiotics, hor-
mones; mycotoxing, etc. (Monss and Raizada 2013 Frisvad
et nl, 2013}, These species are notable for the presence of
particular mycotoxins such as patulin, citrinn, ochraioxin,
etc.. as well os the large mumber of phanmacologically sig-
nificant chemicals that have so far been descnibed from
then ( Tiwari-er al. 2021), The rise-of resistance s antibiot-
ics by pathogene species such as Staplnlococens amres,
Srreptocecens preioniae, Prendamomias eeruginest, eio.
has become increasingly conmon and poses a senons threat
to public health. In particular. infections related to Smplio-
cowens arens (5 aurens) pathogens have not only become
more prevalent but have also started developing resistance
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Land plants, in genaral, raly heavily en positive (nteractions with fungat endophytes fae growth, diséase
resistance, and stress iolesance. Roo! colonizalion. tsolabon and fri-calcium phosphate (TCP) solubillzing
mcfivity of oot endophytic fungi (REF) cbtained from hybrid tomata (Lycopersicon esculentum MMl var. THAL
CO3) plarts gresn In patural fields were examined,; AR figld-colfecied tomale roots were posihvely colonized
by DSE (dark’ septate ancophiyte) fungl A total of 94 cufturadia fungal isclates belonging o 8 grstingt orders,
S genera, and 11 species wers recovered and identified by morphological emmination. In L. escwentum roots.
the. endophytic fungal colonization rate (CR%) was noliceatly high (G2.67%). AzpergiWes niger was the
geminant fungus with a relative abundance [RA%) of 23.4%, white 4. niger. Cldospanum cadosponoides,
and Frsariym oxpsporurn had the modmum isglation frequency (IF% ), Furthermore. we evalusied the nature
of the identdied fungal Isclotes as endophyles by a pod study, Thus, 5 of 11 fungi colonized the test plant roots
with clear intracellular structures, iIncluding Afernara spp.. C. cladosporisides, Cotefeirichum spp., and F
puysporum, which are DSE fungl Furihermors. four REF weve oble to solublize tha TCP. with S1% ranging
from 1.3 {0 2.4%. This study's findings will help to improve our understanding of REF intecdctions and ther
potential ablity to solubliize inorganic phosphate, as weil as the opplication of these fungl to increase the
development and productivity of diverse agricultural plants in sustainable agriculturg.

Keywords: Dack seplate endophyte fungl crop plants, colonization. PVE agar, phosphate soubdization

INTRODUCTION

Plant roots are quickly colonized in natural habitats
by a vast range of microorganisms, including
archaea, bacteria, and endophytic fungus, known
as tha plant microbiome (Liu & al. 2017).
Arbuscular mycorrhizal (AM) fungi, the most
widespread endophytic fungiin plant roots, form
symbioses with about 90% of plant species in all
habitats (Smith and Read, 2008).

However, dark septate endophytes (DSE) or root-
andophytic fungi (REF ) also colonize plant roots
alongside AM fungi in tropical, arctic, and alpine
habitats {Addy et al. 2005, Newsham, 2011).

"Corgspondence | surenderpbtifgmail.com

Darkly colored (melanin), septate hyphae, and
compact microsclerotial structures define DSE
fungi. Plants grown in extreme environments, like
heavy metal-polluted seils, low nutrient and high
salinity soils, upland agroecosystems, and cold
conditions; etc.. have high DSE prevalence in
their roots. It has also been hypothesized that
DSE are maostly non-mycorrhizal plant root-
inhabiting fungus,

The majority of previous studies on endophytic
fungi have focused on their isolation from aenal
piant parts (leaf, stem, flower) and from various
crop species such as chilli (Capsicum ennum)
(Paul et af. 2012), potato (Sofanun tubsrosum)
(Yasser ef al. 2018, rice (Oryza sativa, Oryza
granulate) (Naik et al. 2009; Yuan ef al. 2010),
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